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Patent AppUcation Concerning die Preparation and use of Cheniically Functionalisetl FOiymexic 
Resins for use in Solid-Phase Chemical Synthesis 

Introduction 

Recent trends in the area of drug development, biotechnology and chemical research have moved 
towards producing large arrays of related molecules using combinatorial or permutational 
synthesis. These relatively new techniques are potendally capable of yielding libraries of millions 
of compounds which can be screened, if a suitable assay is available, to identify the required 
chemical, physical or biological property, e.g. biological activity. The new methods offer 
advantage because only a relatively small number of chemical reaction vessels need to be used, 
compared to the traditional methods in which a single compound is sequentially processed through 
various chemical transformations, usually one reaction step at a time. The new method, 
combinatorial synthesis, relies on the fact that under suitable conditions and in the presence of a 
single reagent or set of reagents, several to very many compounds can be converted simultaneously 
into several to very many new products using a single reaction vessel* 

The problems with combinaiorial chemistry are manifold, first, die reaction chemistry needs to be 
irxcvcrsiblc, such that each of die starting materials in the mixture is converted to a new product in 
good yield- Second, at the present time it is most feasible to perform combinatorial chemistry in 
-the "solid-phase", that is where the starting materials are covalently bonded to a polymeric support, 
usually cxoss-linked polystyrene. The advantages of solid-phase syntiiesis arc that the products do 
not need to be purified by, for example, solvent extraction, distillation, recrystallisauon or 
chromatography but rather arc retained on the solid medium by washing away die excess reagents 
and impurities- Thus, in solid-phase synthesis it is necessary to confine die polymeric support so 
that it too is not washed away. The third problem concerns the deconvolution of the library which 
sscntiafly requires identifying die chemical stmcuire of die molecule, within the mixture, that 
shows die required biological activity or odxcr desired property. Qearly, when one is dealing with 
mixmres of compounds, where the polymeric support for one compound looks identical to diat for 
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another, one requires the resynthcsis of partia] Ubraries of ever decreasing size, coupled with assay, 
in order to identify the active material. This method of deconvolution is time consuming and 
unnecessarily clumsy. Another way of effecting deconvolution is to tag the polymeric support with 
chemicals which can be used to decode the synthetic chemical history of the particular particle of 
polymeric support independently to being able to cany out an activity assay on the material 
attached to the support Such methods have been described in the literanirc. Since typical particles 
of polymeric suppon arc referred to as "resin beads" and are commercially available in the size 70- 
400 microns, deconvolution by such methods is a fiddly job requiring accurate and expensive 
instni mcntadoiL 

The fourth problem concerns checking the efficiency of the chemical synthesis and, in essence, diis # 
is a problem of scale. Individual beads possess, at most, only a few to several nanomoles of 
material attached to diem and, therefore, it is extremely difficnli to check either the efficiency of 
the synthesis or the purity of die synflietic product In highly sensitive biological screening assays 
this can be a very serious problem as the impurity could be responsible for a positive result The 
best way to overcome tins last problem is to perform syntheses on a larger scale such thai some 
material can be put aside for characterisation and analysis. While this solution offers very many 
advantages, the practice of larger scale combinatorial syntheses requires the design and use of 
microieactors or other small individual reaction chambers in to which larger quantities of resin ^ 
can be confined. 

. Small individual reaction chambers may be open or closablc flasks, tubes, "pins'. weUs and other 
types of standard Uboratoiy apparatus. Microreactors may be designed to contain resin beads 
within a porous enclosure which is pervious to reagent solutions and solvents. 

Several reports on the use of microreactors for solid-phase syntheses on a polymeric support in 
which die resin beads are enclosed within the microreactor, have been described in die scientific 
literamrc (consmicted from polypropylene, which is not inert) and in our own patent appfications 
(where microreactors were constructed from almost totally inert frit glass and 
polytetrafluorocthylene). Other autiiors supplied little information on the design of the 
microtcactots or on how dicy were used in syndicsising Ubraries of coaq)Ounds. The main purpose 
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of the reports was to describe the incorporatioii of an addressable microchip into the microreactors 
which could be written to and read using radio waves. This elegant idea does require the 
micxoreactors to be of a size large enough to contain the addressable chip, which in itself is not a 
problem, but demands the use of sophisticated and moderately expensive equipment. 

In a recent patent appUcanon (British Patent AppUcation No. 9603945.8) we described the design 
and construction of visually addressable nricroieactors for use in combinarorial chemical synthesis. 
That application described vessel designs suitable for use with a whole range of different types of 
cheniical environment (due to the inetmess of the nucroreactors) and suitable for use with a whole 
range of different types sizes and numbers of addressable microreactors. The system was 
optimised for use with POSAI^ (Permutational Organic Synthesis in Addressable 
Micixscactors) where microrcactor identification is performed visuaUy, but is also suitable for use 
with radio^addrcssablc microreaaors or any other type of microreactor tagging system or solid 
support tagging system or hybrid tagging system including those which utilise laser or mass 
spectrometric or radioisotope or magnetic resonance or any other spectroscopic or fluorimctric or 
ndaied methodology which uses electromagnetic radiation to detect the identity of. or communicate 
with, the microrcacxor. 

The stability of our previously described POSAM™ microreactors to the very wide range of 
reaction conditions employed in conventional organic syndiesis is such that, in tiieory. almost every 
common synthetic protocol described to date in the chemical literature could be performed in tiie 
. microreactor where all the reagents are solutions, liquids or gases and can reach tite resin bound 
substrates: die entities which are being processed by the exposure to die reagents. Obviously 
heterogeneous reagents and odier particulate matter above a certain size can not pass-through the 
wans of the frit glass microreactors and, also, reagents which dissolve glass (hydrofluoric acid) or 
react with PTFE (solvated electrons) are &r from ideaL Nevertheless, there is an enormous 
practical potential for ±c use of POSAM microreactors in chemical syntiiesis which is currently 
limiiod by: 

a) the stabiUty of the polymer-basc support used in the commerciaEy available resin materials tiiat 
are currently employed for soUd-phasc chemical syndiesis. and by; 

b) the range of functional groups available in commercial resin materials. 



(For a .ompn=h«ive Ust =^1=. of .v»lablc «s« ™«als. U» 1997 No.. »M-pha» 
sy^teis Ooalogoe). n.«c t.0 » a« bc«^ some f»ncdon,l ^ wcM 

^ such dc«»di"g conditions .o wo* U« resin pol)a«r tee wonld be des«.,«i 

under the tTequircd conditions. 

The polymer base for almost all of the comxncrciaUy available resin materials, v^herher modified 
with polyethylene glycol appendages to give Tentagel n^, or not. is 1-2% divinylbenzene cross- 
liJced polystyrene in which approximately one in ten of the phenyl rings derived from the styrene 
is modified to give a benzyl moiety to which different functional groups are artached. The 
chlorocnethyl (or benzyl chloride) derivative is called Menifield resin and this material and ,ts 
derivatives are mechanically fragile and sweU several fold in most organic solvents ieg. 
dimethylforxnamide. tetrahydrofuran. dichloxomethane) but not all organic solvents (eg. medianol). 
The reaction kinetics for chemical reactions performed on polystyrene-based resins is drasticaUy 
effected by how swoUen the resin becomes as it is solvated by the particular organic solvent 
Polystyrene is also chemically sensitive to some hot organic solvents and is modified by solutions 
of the very strong nucleophiles/bases and the protic and Uwis acids commonly used m 
conventional synthesis. 

other polymer supports have found use in biochemical applications such as the preparation of 
affinity columns for isolating and/or binding to proteins, DNA, RNA etc. These systems are 
usnaUy used in aqueous buffer solutions and the polymer support is usually derived from 
. polysaccharide, polyamide. polyacrylate or polyaoylamide solid phases. These are. in general, 
unsuitable for organic synthesis. 

•n^ present invention sedcs to overcome disadvantages associated widi present practices in solid- 
phase synthesis by providing new functional groups, to allow a wider range of chemrcal 
a^anipulaiionsandreactionstobeperformedin solid-phase synthesis. Tte synthetic steps could be 
performed in open vessds. for example in' standanl labon^ 

in chn,matography columns, or, in microreactors where the resin material is contained within a 
po«,us container. la particular, this invention concerns the limitations of stability to bases and 
nucleophiles in the acrylate ester REM resin system that has been pubUsh«l in the literature. 



= UP chose to prepare vinyl sulphones which it was expected 

Specifically, we chose " Pr P / ^.^^ REM resin system 

would support the ^^-^^^^^^J^J^ ^^^i,^,,. ^ys^em. but offer greater stability 

tol:;:\u"rophIi:s andTas^ra^d in parLcular towards unstabilised 

carbanions such as Grignard agents. 
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Polysryrcae 
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|_ CHz- CH— — ^ 
Polystyrene 



vinyl Sulfone System 



REM Resin System 



In the first aspect of the present invention Mcnifield resin (1) was reacted with 2-hydroxyethylthiol 
cither as its sodium or caesium salt or as the free acid to give the thioethcr (2) which was 
subscqoently oxidised with oxone or. preferably, m-chloroperoxyb^oic acid, to give the 2- 
hydioxycthylsulfonc derivative (3), Scheme 1. Each icsin derivative showed the correct analytical 
data and displayed the eispcctai spectral properties. 



Treatment of the resin (3) with phosphorus tribromide to give artivaicd lesin (4, X = Br) and 
then, after washing with dimcthylfoimamide. treatment of thi^with a tertiary amine, for example, 
diisopropylcthylaminc (DIPEA). gave the resin bound polymcr-ben2yI vinyl sulfone (5). The same 
material (5) was obtained by treating resin (2) with methane sulfonyl chlorine in the presence of 
triediylamine. to give the mesyl activated ester (4. X = OMs) which nnderwent 1,2-climinarion to 
give (5). 
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^ I Polystyrene^ 
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Polystyrene 



m-CPBA 
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Polystyrene 
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Polystyrene'^ 
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POlystyrcce*^ 



X=BrorOMs 



ScbeineL 



Polymcr-bcnzyl vinyl sulfbnc (5) could be cither tnq^ »« or, be itacted scparaady, after 
isolation, with a nmgc of prin^xy and secondly anriocs. For example rcacrion of secondary 
axnine tctrahydroisoquinoline CTfflQ) for 8 hours a: 2S0C with resin daivadve (5) gave the resin 
bound tertiary amine (6) which displayed the expected mgs increase. Scheme 2. Similarly, 
dioctylamine, benzylamin3 piperidine and pyroUdine and^eir derivatives gave the expected 
products which were characterised as tbci^ alkylaiid deri^ 

Treatment of resin bound teiiary amines such as (6) with alkylating agents such as medxyl iodide, 
benzyl bromide or allyl bromide; eidier at room temperature, or. at higher tempctamrcs, gave the 
N-alkylated quaternary amnicnium salt derivatives (7). These could be cleaved ftom the resin very 
dvicndy.by treament of the quaternary annnDnium salt derivative with a mild base, for example, 
a^'amine such as triethylanrine or DIPEA^tD give the required product, a new tertiary amme 8 
(as its salt) and to simultaneously regenerate the tc^n bouiHl polytncr-benryl vinyl sulfonc (5). fa 
one instance for example, the tertiary THIQ amine " derivative (6a) was 
frnned frris, and wa^ alkylated with allyl bromide \° f ^ '^^.^^^^^"Vo""^ 
aaunonium salt (7a: R.Ri-THIQ.R^-allyl) . ''^'■^^ ^'^^^^f "^^^J^^^"" " 
give N-allyltetrahydroisoquinoline initially as its salt. Scheme 2. 
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Polystyrene 
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NRR^ 



R, =H, alkyl or aryl 



Alkylating Agent 
^ 

X ^ leaving group 



|— CH2-CI 
PolysQoenc 



1^ CHj- CH 
Polystyrene 




Base 



eg. DIPEA 




nrr' 
+ 



K2C03 
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NRR 



Tertiary Amine Product 



Scheme 2. 



in6aand7a NRR^ = N 




This chemistiy involving the addition of secondary amines to Michael acceptors to give a lesin 
bonnd tertiary amines (cf. 6). or, ihc construction of a tertiary andne by the Michael addlion of a 
primary amine, followed by alkylation in the solid phase, is similar to that which occurs in the so 
caned REM resin system which has beecn published in tbe literature. The REl^Sjrstem has a 
CH2C3IC=0 (acrylate) ester group in place of the vinyl sulfone of this new systeijif Futhermote. 
the allcylation of the resin bound tertiary aminiss foflowed by bascK:aialysed 1,2-eliinination Cie. 
steps analogous to those for convening 6 to 7 and 7 w 5 in Scheme 2) have also been published in 

tbe liceratuie for die REM resin system. - . - - 

Note that for REM resin system the entire sequence is analogous to the 
reported mechanism of action of the enzyme methyl aspartase and related 
enzymes. 

analogous to resin (5). tcsin (J), was also prepared by reacting 3-(NJi-dialkyl-2- 
aminoethylsulfonyl)-phenol (10) with activated hydroxymethylpolystyrene resin (11) under 
Mitsunobu conditions, and then allcyUting and eliminating the dialkylamino moiety. Scheme 3, 



using 
sulfooe (9) 



similar chctrdstxy to thai dcpicu^i in Scheme 2. This gave a polymer bcnzyloxyaiyl vinyl 
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NBR^ 



Alkylating Agent ^^ac 
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r2.X eg. DIPEA 

X s leaving ffoup 



Scheme 3. 
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NBR^ 
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Polystyrene 



Polystyrene*'^ 
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This resin also displayed all of the useful chemical properties of REM resin, as for resin (5). 



When tested in direct comparison with the REM resin system . both of die vinyl snlfonc systems 
(S) and (9) showed vciy considerable advanttgcsj^ stabiUty in the presence of nucleophi]es and 
bases. Indeed, it was posdble to synthcsisc tertiary alcohols, for ejcample, compounds (13) and 
(14) using the very demanding conditions of the Giignard reagents McMgBr and PhMgBr. 



HN 



OB 



Ethyl Piperidinc-4-caiboxylate 



Ph .Ph 
OH 



03) 



a4) 



Here, for these examples ethyl A-piperidinecarboxylate (E4PC) or the 
corresponding methyl ketone were first reacted with each of the vinyl 
sulphone resins to give the resin bound tertiary amines [eg (6; NRR'=»E4PC)] 
then these were treated with the Grignard reagent PhMgBr to give the 
alcohols. The cleavage of these alcohols from the resin was effected using 
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Ulyl bromide DIPEA as outlined in Scheme 2. Under these conditions REM 
-esm was completely decomposed by the Grignard reagents. 



AS was predicted, other addition reactions to the resin bound vinyl 
sulphones using non-nitrogen nucleophiles were also possible. For example 
diethyl malonate. nitromethane and thiophenol reacted. Also, as predicted' 
on the basis of solution phase chemistry, the resin bound vinyl sulphones 
(5) and/or (9). underwent Diels-Alder reactions and other electrocyclic 
reactions m the presence of dienes and/or 1,3-dipoles. 

II!! of addition and electrocyclic reactions in which the resins (5) 

and (9) and other resin bound vinyl sulphones could take part in is 
infinite. Therefore, within the spread of this invention in any resin 
bound vinyl sulphones moiety, whether supported on polymers or any similar 
substituted ethylene hydrocarbon polymer, in glass or silica or carbon 
fibre, however linked to the support in any synthetic addition reaction or 
electrocyclic reaction, should be considered as an extension of the ideas 
described and verified herein. 
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le present invention provides a resin comprising a modified ethylene 
nydrocarbon polymer wherein the polymer is represented by the general formula 
(I); where R is a linker group; 




0 

M 



— S — CU3CH 



If 

a 



(I) 



The linker group R is alkyl or aryi or oxyalkyl or oxyaryl or any similar 
group. 

The resin has increased stability in the presence of nucleophiles and/or 
bases . 

The resin particularly offers increased stability towards unstabilised 
carbanions, for example, Grignard reagents. 

The vinyl group of the vinyl sulphotie moeity may be reacted with chosen 
reactants to provide resin-bound compounds. 

The resin may be regenerated by the removal of the resin-bound compounds by 
use of suitable reactants. 

Suitably* where R is an alkyl moiety, R is Cl-10 and can be branched or linear 
and where R is an aryl moiety, R is a benrene ring. 

In one embodiment of the present invention, the modified ethylene hydrocarbon 
polymer is a benzyl vinyl sulphone polymer as represented by formula (II): 



In a further embodiment of the present invention, the modified ethylene 
hydrocarbon polymer is a benzyloxyaryl vinyl sulphone as represented by 
formula (III): 




(II). 





(III). 
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The resin can be used in reactions involving liquid and gas phase reactants. 



Suitably, the resin is used for traceless reactions. 

The resin has particular utility in solid-state combinatorial chemical 
reactions . 

Also provided by the present invention is a method for producing the resin 
wherein a Merrifield resin is modified to provide the resin of the present 
invention; for example but not limited to, the chlorine of the methylene group 
of the Merrifield resin is substituted to provide the resin of the present 
invention. 

The present invention provides the use of the resin defined above in the form 
of a porous structure as a support for chemical reactions. 
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